Pulmonary vascular changes were studied in IOO cases of isolated mitral stenosis; these included go patients in whom lung biopsies were obtained at valvotomy and io patients who came to necropsy. Medial thickness of the pulmonary arteries was measured in each case and in I2 cases was correlated with the haemodynamic data.
Most patients were young, 78 being 30years ofage or less and 42 under 2oyears or less. Males predominated 2:i. All patients with mitral stenosis showed varying degrees of vascular and other associated parenchymal changes. The most conspicuous were those observed in the muscular branches of the pulmonary artery in which the media was thickened in all cases, moderately in 44 and considerably in 28 cases. Dilatation lesions representing grade 4 lesions of hypertensive pulmonary vascular disease (Heath and Edwards, I958), hitherto not described in mitral stenosis, were observed in 4 cases. The intima wasfound to befrequently abnormal, showing oedema, fibrosis, and, more importantly, variable degrees of muscularization, often suggesting the incipient formation of a second media. Arteries and arterioles were often occluded by thrombi in various stages of organization, and the freshly formed channels tended to acquire a muscular lining. Arterioles were muscularized in all cases, and in many there was a pronounced intimal proliferation. Other changes included medial hypertrophy in the veins and occasional muscularization and dilatation of the lymphatics. A notable feature was hypertrophy of the musculature of the bronchiolo-alveolar system seen in a majority of cases. The alveolar walls showed variable degrees of thickening and fibrosis, intimal proliferation of alveolar capillaries, and 'epithelialization' of alveoli. Haemosiderosis was present in 70 cases. On the whole the more severe changes were observed more often in the younger subjects, further supporting the observation that rheumatic mitral stenosis in India commonly affects the juvenile age groups and is characterized by association with severe pulmonary hypertension. Medial hypertrophy was proportional to the level ofpulmonary artery pressure.
Morphological changes in the pulmonary vasculature and lung parenchyma in mitral stenosis are well known (Parker and Weiss, I936; Larrabee, Parker, and Edwards, I949; Henry, 1952; Heath and Whitaker, I955; Heath and Best, I958; Wagenvoort, I960; Walton and Heath, I960; Lendrum, I960; Roy et al., I963; Wagenvoort, Heath, and Edwards, 1964; Jordan et al., I966; Bhayana et al., I969) .
There have been several reports on the correlation of histopathological and haemodynamic data in such cases (Ellis et al., I95I; Graham et al., 195I; Clowes et al., I953; Denst et al., I954; Heath and Whitaker, I955; Harris and Heath, I962; Bhayana et al., I969) . Most of these studies were in adults. In India, mitral stenosis resulting from rheumatic heart disease commonly affects the juvenile age group, and is characterized by association with 
Vascular changes
Blood vessels including elastic and muscular branches of pulmonary artery, pulmonary arterioles, capillaries, and veins were examined with reference to medial thickness and intimal proliferation. The arterial blood vessels were classified by Brenner's criteria (1935) , the elastic branches measuring iooo t± and above, muscular branches between I00 pt and Iooo t, and arterioles below Ioo 0 in external diameter.
The diameters were measured by the technique of Wagenvoort et al. (I964) using a micrometer eyepiece. In each section a minimum of five vessels of each category was measured and the mean was taken as the final measurement. The medial thickness of the arteries was measured from the external to the internal elastic lamina along diameters at right angles to each other, and the average of these two measurements was expressed as a percentage of the external diameter. The upper limit of normal medial thickness of the muscular branches of pulmonary artery was taken as 7 per cent.
The presence of abnormal muscularized pulmonary arterioles was sought. The criterion for this change was the presence of a distinct muscular media in an arterial vessel less than ioo V. in diameter.
In addition, lymphatics in the pleura, interlobular septa, lung parenchyma, and around the pulmonary arteries were examined for dilatation or other changes.
Pulmonary parenchyma
Fibrous or muscular thickening of the alveolar walls, the degree and site of haemosiderosis if any, the presence of ' epithelialization' of the alveoli, and elastic and reticulin tissue changes, such as mineralization, thickening, reduplication, and fragmentation, were sought. The severity of haemosiderosis was graded o to 2+ (Heath and Whitaker, I956) . The severity and extent of changes in the upper and lower lobes were compared.
Haemodynamic studies
Haemodynamic data obtained at right heart catheterization, using standard techniques (Roy et al., I963) , were available from I2 valvotomy cases: these included pulmonary artery and wedge pressures, cardiac output, cardiac index, and pulmonary vascular resistance. The vascular and parenchymal changes were correlated with the haemodynamic data. Results The age and sex of the subjects are indicated in Table i . Seventy-eight patients were 30 years or less, 42 were 20 years or less.
Pathological findings
Elastic arteries Moderately severe atherosclerosis in the pulmonary trunk and the extrapulmonary and intrapulmonary elastic arteries was observed in the IO cases coming to necropsy; of these 9 were between the ages of i i and 30 years. Only one of the control series, a subject aged 55 years, had some minimal pulmonary atherosclerosis.
Changes of variable degree were observed in the muscular branches of pulmonary arteries, pulmonary arterioles, veins, and lymphatics, and in the alveolar walls in all cases of mitral stenosis. Changes in the arteries and arterioles were the most pronounced.
Muscular arteries In the normal controls, the media of the muscular branches is thin, sandwiched between two elastic laminae, which show no duplication or fragmentation, or focal changes only (Fig. iA) . The intima is insignificant, usually comprising a single layer of endothelial cells.
In all cases of mitral stenosis, the media of the muscular branches of the pulmonary artery was thickened to a variable degree because of hypertrophy of the circular muscle, with an admixture of small quantities of fibrous connective tissue in advanced lesions ( Fig. iB-F) . Table 2 shows the distribution of cases according to the severity of medial thickening of the muscular pulmonary arteries. The medial thickness in the mitral stenosis cases ranged from 5 to 50 per cent of the external diameter, as compared to 2 tO 7 per cent in controls. The largest number of cases had a moderate thickening (io to I4%). It is noted that a proportionately larger number of cases in the younger age group (20 years or below) belonged to (Fig.  iD) . In 4 cases, all in the younger groups the lumen was almost completely occluded by such a lesion. Three of these 4 cases were 15 years old or less, and one was 27 years old. Two had moderate (9 to io%), and 2 had severe (IS to 20%) muscular hypertrophy.
In a few cases, the lumina of the muscular pulmonary arteries and arterioles were occluded by what appeared to be an organized and recanalized thrombus (Fig. 2) . The newly formed channels tended to acquire a muscular wall, later appearing as complete fibromuscular septa ( Fig. 2B and C) .
Characteristic dilatation lesions were seen in 4 cases, all in the juvenile age group, and were of two types (Heath and Edwards, I958 2) The angiomatoid lesion ( Fig. 3G ): this consists of a cluster of dilated vascular channels of variable thickness, presumably arising from a pulmonary artery.
Arterioles In the normal controls, the arteriole has a single elastic lamina lined by a single layer of endothelial cells. A thin layer of muscle, often incomplete, is rarely seen only in larger arterioles. In patients with mitral stenosis, arterioles were muscularized in all cases except three. In many cases, they had acquired an internal and external elastic lamina sandwiching a media of circularly disposed fibres (Fig. 4) . The medial thickness ranged from 4 to I7 per cent of the external diameter as compared with negligible thickness in normal controls. In the majority of cases, the thickness was 9 to I0 per cent.
Intima were generally swollen. (Fig. 6 ).
The elastic tissue of the alveolar walls was encrusted with deposits of iron and calcium in 4 cases. In 2 cases, there was a foreign body type of giant cell reaction around degenerated elastica.
Another notable feature was the presence of smooth-muscle hypertrophy in the bronchioloalveolar system. Thick strands of muscle often extended into the alveolar septa. This change was observed in 65 cases, and was particularly severe in I6; of the latter, I0 were less than 20 years of age. In some of these cases, the change extended to the interlobular septa and the pleura (Fig. 7) . In I0 cases, the alveolar capillaries showed diffuse aneurysmal dilatation. Five of these subjects were aged 20 years or less, and the rest were 28 to 40 years old. In all these cases except one, the medial thickness of the pulmonary arteries ranged from I0 tO 20 per cent of external diameter.
Haemosiderosis The occurrence, degree, and location of haemosiderosis varied widely. Using the grading of Heath and Whitaker (I956) Pulmonary artery wedge pressure was also raised in all; in all cases except 2, the pressure was between 20 and 28 mmHg. The pulmonary vascular resistance was normal in 8 cases, and increased in 2 cases. The correlation between medial hypertrophy of the pulmonary arteries and the pulmonary artery pressure (Fig. 8) Morphological changes Qualitative changes in the pulmonary vasculature and parenchyma were seen consistently in almost every case; these changes appeared to be more severe in the juvenile age group. Using the precise and measurable parameter of medial thickening of pulmonary arteries, a larger proportion of young subjects was affected as the lesion became more severe. In group 3 with the severest thickening, i6 out of 28 subjects were 20 years of age or less (Table 2) . Furthermore, in 5 cases of group 3 there was an additional layer of longitudinally disposed muscle just inside the external elastic lamiina. The severest degree of other changes, e.g. intimal proliferation in the arteries, veins, and arterioles, smooth muscle hypertrophy in the bronchioloalveolar system, aneurysmal dilatation of the alveolar capillaries, was observed more often in the young age group.
Dilatation lesions were observed in 4 patients, all of whom were less than 20 years of age. This is a significant finding. Bhayana et al. (1969) from India have reported these in 5 of their series of 25 cases, but their photomicrographs do not convincingly show the lesion described by Heath and Edwards (1958) . This lesion is believed to be indicative of (Denst et al., 1954) .
Our observations suggest that medial thickening is probably the result of medial hypertrophy (Wagenvoort, I960; Naeye, Ig6Ib) though vasoconstriction may be a contributory factor (O'Neal, Thomas, and Hartroft, I955; Short, I957). Hyperplastic changes in the muscle constituting the arterial media, muscularization of the arterial intima and of arterioles, and the presence of additional fasciculi of longitudinal muscle in the arterial media reinforce such a theory (Wade and Ball, I957; Heath and Best, 1958; Wagenvoort, I960; Walton and Heath, I960; Heath, I963) . These mechanisms probably result in increased mechanical rigidity of the vessel wall, as postulated by Burton (I954).
Our observations seem to support a speculation by Wagenvoort et al. (I964) that at least one of the modes of evolution of the dilatation lesions is by recanalization of the pulmonary arteries. It seems that the recanalized channels acquire a muscular wall of their own, out of a haemodynamic necessity, in response to the high pressure. These may dilate, resulting in a plexus of independent vessels within the adventitial boundary of a large one.
The smooth muscle hyperplasia in the bronchioloalveolar system was a conspicuous feature in our cases. It was particularly pronounced in the young subjects. In severity it was related to the changes in the alveolar walls rather than to the medial hypertrophy of the pulmonary arteries. It has been reported by Rodbard (1950) and Liebow, Loring, and Felton (I953) in a variety of pulmonary disorders, and by Roy et al. (I963) 
